ssss The objective of this study was to test the hypothesis that vinculin and talin, two cytoskeletal proteins of the myotendinous junction (MTJ), would be up-regulated following damaging eccentric contractions. Mouse plantarflexor muscles were submitted in situ to three 5 min periods of eccentric contractions. Talin and vinculin content, in vitro contractile properties and MTJ histology were examined at 0, 3, 7, 14, and 28 days post-exercise. The eccentric protocol led to significant decreases in maximum tetanic tension at 0, 3, and 7 days post-protocol. Histological examination did confirm that tissue damage was present at the MTJ where talin and vinculin are highly concentrated. In the type I soleus muscle talin content increased slightly at 7 days post-eccentric protocol compared to SHAM. In the type II plantaris muscle eccentric contraction led to an increase for vinculin and talin contents that was 2 -3 fold higher than in the soleus; these significant changes were still present 28 days postexercise. These results show that eccentric contractions can trigger intense protein synthesis activity at the MTJ most likely related to myofibrillogenesis associated with MTJ remodeling.
Introduction
The presence of mechanical stress is essential to promote development and homeostasis of hard and soft tissues [44] . This ineluctable natural law remains valid for the myotendinous junction (MTJ), a specialized site at the end of the cell membrane of skeletal muscle where tension generated by intracellular contractile proteins is transmitted across the sarcolemma from myofibrils to extracellular connective tissue proteins [38] . The MTJ is very sensitive to chronic or acute fluctuations in physical stress and will undergo ultrastructural alterations in response to mechanical changes whether they are induced through denervation, weightlessness, overloading, or tenotomy [6, 39, 46] . Eccentric or lengthening contractions are one form of mechanical stress that can cause injury to muscle fiber contractile and cytoskeletal components. This type of contraction performed on unaccustomed or untrained skeletal muscles can induce morphological alterations such as Z-band streaming and dissolution, A-band disruption, modifications of the intermediate filament arrangement, sarcolemmal damage, and misalignment of myofibrils [10, 30] , causing a syndrome known as exercise-induced muscle damage (EIMD). One of the most vulnerable structures to eccentric contractions appears to be the MTJ. Indeed it has clearly been demonstrated that total and partial fiber disruption, inflammatory response, and delayed onset muscle soreness are predominantly located at MTJs after eccentric contractions [11, 28, 35] . Interestingly a single bout of damaging eccentric contractions can give rise quite rapidly to muscles more resistant to further damage resulting from subsequent bouts of eccentric contrations [5] . Lynn and Morgan [22, 23] have proposed one explanation for this rapid adaptive response. They suggested that the repeated acute muscle lengthening occurring during eccentric work would result in serial sarcomere addition or myofibrillogenesis thereby preventing the overstretch linked to the sarcomere length instability. This adaptive response is similar in nature to the one observed quite rapidly when a muscle is immobilized in a lengthened position. Work by Goldspink and colleagues clearly showed the ability of muscle tissue to undergo rapid remodeling of its contractile apparatus [44, 45] . Cumulative evidence suggests that the addition of new sarcomeres occurs predominantly at the MTJ. For example the enrichment of myosin heavy chain and talin mRNA near MTJ following modifications in mechanical loading indicates that synthesis occurs at sites where the proteins will be incorporated [8, 9] . However, the recent data of Koh and Herzog do not support the hypothesis that eccentric exercise results in serial sarcomere addition [17] .
Vinculin is a prominent cytoskeletal protein of cell-substrate adhesions, highly concentrated at MTJ, that can interact with other cytoskeletal proteins, including actin and talin. Talin is also a protein concentrated at the cytoplasmic face of cell-ma-trix junction and is ubiquitously involved in the linkage of cytoskeletal elements to the cell membrane at MTJ; it contains binding sites for β1 integrin [16] , actin [15] , and vinculin [20] . Generally speaking, the rationale behind the present study is that up-regulation of vinculin and talin following EIMD is necessary for the postulated myofibrillogenesis that should occur at the MTJ; as stated earlier, this myofibrillogenesis could be associated with the adaptive serial sarcomere addition and/or simply necessary for the repair of damaged sarcomeres at the MTJ since muscle damage caused by eccentric contraction is predominantly found at the MTJ [11, 28, 30, 35, 39] . Because both phenomena are likely to take place concomitantly, it is therefore quite difficult to distinguish them. In the present investigation we tested the hypothesis that talin and vinculin content would increase following a single bout of damaging eccentric exercise in both slow-and fast-twitch skeletal muscles.
Materials and Methods

Experimental protocol
Soleus (SOL) muscles from 12 weeks old female CD-1 mice weighing approximately 30 g were used in this study. The use and care of the animals in these studies were approved by and followed the guidelines of the University Hospital Research Center Animal Care and Use Committee. Mice were housed in groups of three per cage and were given food and water ad libitum. The experimental protocol was always executed on the right limb while the left one served as control. The eccentric contraction protocol was performed in situ as follows. Mice were anesthetized with an intraperitoneal injection of tribromoethanol, and supplemental injections were given as necessary throughout the protocol [31] . The tibial nerve was carefully exposed before transferring the animal on the experimental set-up. The hindlimb was fixed at both the ankle and knee levels, and fine stainless steel electrodes were placed underneath the tibial nerve for stimulation of plantarflexor muscles (soleus, plantaris, gastrocnemius). The incision over the nerve was covered with a wet cotton, and the animal rested under a lamp to keep its body temperature around 37 8C. The nerve was stimulated at a frequency of 100 Hz which for the SOL muscle corresponds to 90 % of maximum isometric tetanic tension at this temperature [4] . Each stimulation lasted 500 ms and was given every second for three 5 min periods separated by 5 min recovery intervals. Concomitantly with each plantarflexor muscle contraction, the foot was pulled in the opposite direction (dorsiflexion) by a rotary motor driven rod attached to the foot through a rigid metallic harness. Active muscle contractions and passive lengthening were initiated at the same time. This eccentric contraction led to a displacement of the foot that ranged between 125 8 and 65 8, a range of motion similar to the one observed during normal daily activities. The mean lengthening velocity was approximately 12 mm/s, which is about 15 % of the maximal unloaded velocity of shortening for mice SOL muscle [27] . While active tension development was not electronically monitored during the protocol, the investigator nevertheless looked constantly at muscle movement during each contraction to detect muscles whose nerve stimulation would appear less than optimal during the course of the eccentric protocol. Efficiency of stimulation was also verified at the end of the protocol to ensure that nerve positioning on the electrode was still adequate. Mice for which maximal muscle stimulation during the entire protocol was doubtful were discarded from the study. At the end of the protocol the fascia over the sciatic nerve was repaired with absorbable 4 -0 sutures, the skin was closed with 4 -0 silk sutures, and the incision was bathed with proviodine-iodine solution. Mice recovered from the anesthetic within 30 -45 min and had a normal gait with no evidence of discomfort within 24 h following the surgery. In SHAM-operated animals the tibial nerve was exposed but plantarflexor muscles were not submitted to any stimulation.
Measurement of contractile properties
At 0, 3, 7, 14, and 28 days following the in situ experimental procedure mice were anesthetized, and control, SHAM, and experimental SOL muscles were dissected and incubated in vitro in a Krebs-Ringer bicarbonate buffer solution at 25 8C and pH 7.4 for measurement of isometric contractile properties as described in details previously [7] . In one series of experiments the plantaris (PLN) muscle was also removed but was not used for in vitro contractile measurements. Muscles were mounted horizontally between two platinum electrodes and attached as close to fiber ends as possible in order to minimize the length of free tendon. The distal portion was tied to a fixed support whereas the proximal end was connected at right angle to the lever arm of a position feedback servomotor (Cambridge Technology model 300 ergometer; Cambridge, MA, USA). Isometric contractile properties were measured as described by Côté et al. [7] . Muscles were adjusted to a reference length (Lo) defined as the length at which maximum twitch tension (Pt) was elicited. Following a 30 min equilibration period maximum twitch tension (Pt), contraction time (CT), and 
Electron microscopy
Three SOL muscles in each group were dissected, pinned around Lo and fixed for 15 min by immersion with 2 % glutaraldehyde in 0.1 M phosphate buffer. MTJ areas were then cut in small pieces of 1 mm 3 and placed again in the same fixation solution overnight. Specimens were postfixed in 1 % OsO 4 , dehydrated and embedded in epoxy resin. Serial sections were prepared from the entire thickness of each block and stained with 2 % uranyl acetate and lead citrate solutions before being used for transmission electron microscopy.
Immunohistochemical analysis
Following the experimental protocol, freshly dissected SOL muscles with intact tendons that were not used for electron microscopy were stretched and maintained near resting length by stapling the tendons to balsa wood. The tissue was then embedded in O.C.T. and frozen in isopentane cooled in liquid nitrogen. Longitudinal sections of SOL muscles were obtained from the MTJ area while cross-sections were cut from the belly portion at -20 8C and placed on glass slides coated with 0.4 % gelatin and 0.04 % chromium potassium sulfate. The cryosections were removed from the freezer and fixed in acetone for 10 min at room temperature. After fixation slides were washed with a physiological buffer (50 mM Tris, pH 7.6, 150 mM NaCI, 0.02 % NaN 3 ) for 5 min and placed in blocking buffer for 1 h. Longitudinal sections were overlayed without antibody or incubated for 3 h with monoclonal anti-vinculin (1 : 50) and anti-talin (1 : 20) (Sigma Immuno chemicals). Cross-sectional sections were labeled with a monoclonal antibody directed against macrophages (Serotec, F4/80; 1 : 20). Tissue sections were then rinsed in washing buffer and overlayed for 2 h with secondary antibody (Vector Laboratories, biotinylated anti-mouse lgG or Cedarlane, PE-conjugated anti-rat IgG; 1 : 50) for macrophages immunolabeling. The longitudinal sections were then quenched with methanol and 0.3 % hydrogen peroxide. Finally sections were reacted with VECTASTAIN ABC reagent (Vector Laboratories) for 20 min followed by immunolabeling with peroxidase reaction and then mounted with Geltol. After each step tissue sections were washed with PBS for 10 to 30 min.
Immunoblotting analysis and densitometry
Since uniform and consistent sampling of the MTJ region in all muscles was impossible, whole muscles were used for quantification of talin and vinculin content by immunoblotting in order to eliminate important sampling artifact. Mice SOL muscles (as well as PLN in one series) previously frozen in liquid nitrogen were homogenized in reducing sample buffer (80 mM Tris-HCI, pH 6.8, 0.1 M DTT, 70 mM sodium dodecyl sulfate, 1 mM bromophenol blue, glycerol) with a Dounce homogenizer. Following homogenization, 50 µg of soluble proteins were added to each well and separated using a 8 % sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) [18] . Proteins were then stained with Coomassie blue or electrophoretically transferred to Immobilon for antibody overlays. The Immobilon strips were then blocked in 3 % non-fat milk in buffer A with 0.5 % Tween-20 and 0.2 % gelatin (blocking buffer). The blots were incubated with anti-vinculin and anti-talin for 2 h and then washed in 0.3 % non-fat milk in buffer A with 0.5 % Tween-20 and 0.2 % gelatin. Following 1 h of washing, the membrane was incubated with an affinity-purified goat anti-mouse IgG conjugated to alkaline phosphatase for 2 h. The antigen-antibody complex was revealed by chromogenic development using 5-bromo-4-chloro-3-indolyl phosphate and nitroblue tetrazolium (BCIP/NBT).
Relative protein contents were evaluated by densitometric analysis of immunoblots. Preliminary experiments were carried out to ensure a linear relationship between the relevant variables. Even though staining of gels with Coomassie Blue showed that similar amounts of proteins were loaded in each lane, we chose to normalize measurements of talin and vinculin obtained by densitometry on blots to densitometric values of α-actinin on gels stained with Coomassie Blue when muscle extracts had been previously submitted to eccentric contractions. Indeed eccentric contractions may lead to muscle damage and necrosis which might lead to an overestimation of talin and vinculin per µg of total protein. We tested that α-actinin did not vary over time with the protocol as we collected optical density measurements for α-actinin on the gels that were used for the calculations. We were unable to detect significant variations of this protein for all time points. Normalization with α-actinin should provide a more biologically significant measure of talin and vinculin variations following eccentric contractions.
Statistical analysis
All results from blots were expressed as a percentage of control value and presented as mean ± one standard error. Data were analysed by a two-way analysis of variance. A Fisher PLSD and Scheffer F test were used to compare means when a significant F ratio was obtained. For all data presented the sample size varied from 4 -6 muscles unless stated otherwise. The level of significance was set at p < 0.05.
Results
Even though the SOL muscle is quite resistant to eccentric contraction induced damage, we were nevertheless able to collect clear evidence of tissue deterioration associated with a loss of functional capacity. Morphological characteristics and isometric contractile properties underwent significant changes following the eccentric protocol. Muscle mass for experimental SOL muscles showed a significant loss of 13 % 7 days post-protocol (9.1 ± 0.3 vs. 7.9 ± 0.4 mg, p < 0.05), which was paralleled by a significant decrease of 16 % in absolute maximum force production (Po) (Fig. 1) . The deficit in absolute maximum force production was significant at days 3 and 7 and non-significant at days 14 and 28 post-protocol. SHAM animals did not show any deficit in absolute force production when compared to control muscles (data not shown). The value for normalized Po (N/cm 2 ) was never significantly affected by the protocol except at time 0 (about 45 min after the last eccentric contraction) where a 35 % decrease was observed compared to control SOL muscles (15.1 ± 0.8 vs. 9.3 ± 1.1, p < 0.05). While muscle fatigue is likely responsible for a portion of the decline in Po observed at time 0, it is obviously not a factor for the other time points selected suggesting that the decreased capacity for ten- sion production is the direct result of a loss of functional muscle cross-sectional area. Other measurements for isometric contractile properties were unaffected by eccentric contractions. No physical and contractile evidence of injury was observed in the SOL muscle from SHAM-operated animals.
The damaging nature of the protocol used was further supported by the presence of white cells infiltration in the SOL muscle. Fig. 2 shows that the number of focal lesions and infiltrated macrophages was much higher in the muscles submitted to the eccentric protocol, especially in the early days; macrophages were predominantly found in high density in the loose connective tissue surrounding myofibers. In line with the relatively mild functional loss that was produced, we were unable to find significant numbers of muscle fibers infiltrated by macrophages. Interstitial macrophages showed morphological modifications 3 days post-exercise when they exhibited increases in cell size and also developed cytoplasmic processes closely opposed to the myofibers. It was also obvious that these phagocytic cells were more numerous in the area surrounding the MTJ than in the central portion of the muscle (data not shown). The number and size of macrophages decreased in the interstitial space after 7 and 14 days of recovery to gradually reach the appearance of control muscles at 28 days.
We were able to confirm, using immunocytochemical methods, that talin and vinculin are highly enriched throughout the MTJ of control mouse SOL muscle by treating muscle cells with anti-talin or anti-vinculin antibodies (Fig. 3) . The distribution of talin and vinculin at specialized sites where myofibrils terminate resembles that described previously [9, 12, 34, 37] for control non-damaged muscle fibers. To confirm that the staining was not an artifact of incubation, control cells were prepared with the same procedure but treated with only the biotinylated secondary antibody conjugated with peroxidase. These cells displayed no trace of coloration at the end of the muscle fibers. To visually confirm that the MTJ was indeed altered by the protocol, scanning electron microscopy was also used (data not shown). Control SOL muscles presented a well organized intracellular structure in which sarcomeres were disposed into a regular register and Z-disks aligned [38, 39] . Three days after the eccentric protocol the most obvious structural modification involved myofibrils, notedly Z-disks, which for many were no longer aligned. It should be noted, however, that even at the electron microscopy level the morphological extent of damage that could be seen in the SOL was very moderate. At 28 days post-protocol no structural modification could be observed in the experimental SOL muscle. There was no evidence suggesting an increase in membrane folding of the MTJ after eccentric protocol.
As previously stated, densitometric results for talin and vinculin obtained on immunoblots were normalized for densitometric measures of α-actinin on SDS gels, a protein located at the Z-Iine [33] . The ratios of vinculin/α-actinin were quite stable in SOL muscles for all time points studied following the eccentric protocol. The largest and only significant change was observed 7 days post-protocol and consisted in a ∼ 35 % increase compared to SHAM muscles (Fig. 4) . As for talin/α-actinin ratios a significant increase was seen at 7 days in the experimental animals when compared with SHAM (Fig. 5) ; unexpectedly both SHAM and experimental groups showed a 55 % increase after 3 days compared to non-operated control animals. However, for both muscles tested and proteins quantified SHAM and control non-operated animals had values not significantly different at the time of 7 days. Preliminary experiments with a few muscles revealed that SHAM and unoperated control muscles were indistinguishable at days 14 and 28, and therefore values for SHAM groups were not collected at these time points. In the last series of experiments PLN muscles were also collected in order to quantify talin and vinculin in a type II muscle. The increase for both proteins was quantitatively much more significant; this up-regulation was also of a longer duration compared to SOL as talin content was still significantly higher at 28 days post-exercise (Figs. 6 and 7) . Comparisons with SHAM groups showed that the vinculin content was significantly increased by almost 100 % at 7 days while values for Fig. 2 Comparison of the soleus muscle histological cross sections stained with an anti-macrophage specific antibody. Antimacrophage antibody was used as described in Material and Methods to detect the presence of macrophages in the muscle cross-sections. a SHAM SOL muscle showing a uniform and faint staining with very few macrophages being visible. b Compared to a, the number and size of macrophages increased strikingly three days posteccentric contractions. Macrophages were dispersed within the interstitial tissue but were not observed within the myofibers. Hypertrophied macrophages with cytoplasmic processes surrounding the myofibers could be identified. c Significant decrease in the macrophage number concentration was easily observed 7 days post-eccentric contractions in the SOL. d Experimental SOL muscles at 14 and 28 days post-exercise had the appearance of control tissue. (Magnification, 400×). For each group four muscles were examined.
talin were significantly increased at 3 and 7 days. Talin content in the experimental muscle was also significantly higher than its matched control at 28 days post-exercise. The same trend was seen at 14 days but the value did not reach significance.
Discussion
The eccentric protocol used in this study can be classified as physiological in terms of contraction intensity, frequency, and range of motion and compares very well with what other investigators have used [30, 41, 42] . In the present study the SOL muscle, composed of ∼ 50 % type I fibers in mice, was selected because longitudinal sections of the MTJs and contractile properties in vitro can be more easily assessed than some other fast-twitch muscles. However, the extent of muscle damage induced by the protocol, though it was functionally and morphologically evident, was less biologically significant than what is generally reported for fast-twitch muscles. Previous investigations have shown that mouse SOL muscles were very resistant to eccentric contraction induced injury and that clear differences in the extent of muscle damage exist between different muscle types [25, 41] . It is thought that qualitative and quantitative differences between fast and slow fibers in the cellular and extracellular cytoskeletal components could in part explain the different susceptibilities to EIMD. Evidence exists showing that the cellular content of various cytoskeletal proteins like desmin, dystrophin, and tubulin is much higher in type I fibers compared to type II a or II b fibers [3] suggesting that slow-twitch postural type I fibers may possess a more solid and robust cytoskeletal arrangement. The observation that talin and vinculin content is approximately 2-fold higher in SOL compared to PLN (unpublished results) muscles gives additional support to the general principle that postural muscles are constructed to meet the physical demand imposed on them, leading to a higher threshold for EIMD. Fig. 3 Localization of vinculin and talin at the myotendinous junction of the CTR soleus muscle. Longitudinal sections of the CTR untouched mouse SOL muscle were immunolabeled with antibodies against both proteins followed by incubation with a secondary antibody conjugated with alkaline phosphatase. Panel A shows a longitudinal section incubated without the primary antibody (400×). Panel B shows the localization of talin at MTJ (J). Muscle fiber (F) terminates at the microtendon (MT) (400×). Panel C shows vinculin which essentially co-localizes with talin. Muscle fiber (F) terminates at the microtendon (MT) (400{x). For both talin and vinculin experiments at least three [3] muscles were processed and examined. The fact that the content of talin in SHAM operated SOL statistically exceeded its value in non-operated control muscle 3 days post-surgery was an unexpected finding. In fact the same general trend was found for both proteins in both muscles at that time point. It could be speculated that the nerve isolation procedure and its handling thereafter may have caused a temporary transient perturbation of nerve-muscle communication which could influence protein expression. In previous experiments in our laboratory we did not observe any difference between SHAM and control muscles for all the other biochemical, histological, morphological, ultrastructural, and functional variables measured (unpublished data). Evidence of MTJ remodeling in these SHAM muscles was also undetectable. Thus changes in the concentration of talin and vinculin in SHAM animals at 3 days clearly demonstrate the highly responsive nature of these proteins and their potential role in cytoskeletal remodeling at MTJ. However, SHAM and control muscles were no longer different 7 days post-protocol giving support to the transient nature of this phenomenon.
The findings of the present study support the claim that modifications are occurring in muscle cells with regard to the content of cytoskeletal proteins involved in the association of thin filaments with the cell membrane at MTJ following a single bout of eccentric contractions. Several studies dealing with the rearrangement of cytoskeletal elements have shown that variation in mechanical stress can initiate cytoskeletal remodeling [2, 9, 13, 21, 24, 26, 36] . For example mechanical stress was shown to influence the distribution and content of myosin heavy chain mRNA in cardiac and skeletal muscles [8, 14] .
The increase observed for both talin and vinculin content may be primarily related with the myofibrillogenesis associated with serial sarcomere addition possibly occurring in response to eccentric contractions. Lynn and Morgan showed that eccentric contractions brought about by downhill running can increase the number of sarcomeres in series in rat vastus intermedius muscle fibers [22, 23] . An alternative hypothesis to explain the up-regulation of talin and vinculin is that myofibrillogenesis is triggered following EIMD, not necessarily to add new sarcomeres in series but possibly to replace damaged ones at the MTJ. Based on several reports describing the higher susceptibility to the eccentric protocol of type II fibers compared to type I, one can assume that the muscle damage in the PLN was very likely more extensive than in the SOL, which would be consistent with our observation that increases for talin and vinculin contents were much larger in the PLN compared to SOL muscles, possibly as a biological response to repair the damaged tissue and/or to make it more robust and less fragile to further insult.
The addition and repair of sarcomeres are both mediated by assembly and disassembly mechanisms taking place at MTJ that involve controlled proteolytic cleavage of specific cytoskeletal links or phosphorylation-dephosphorylation schemes. Interestingly talin, vinculin, and the β1 subunit of integrin, a protein also enriched at the MTJ, can all be phosphorylated on thyrosine residues, and phosphorylation of these three proteins is associated with cytoskeletal remodeling in various experimental cellular models [1, 29, 40, 43] . Vinculin and talin increases might therefore be necessary for the mechanisms promoting thin filament attachment during remodeling of this region as would suggest results obtained in different experimental models [8, 32] .
Increases in talin content, and to a lesser extent vinculin, may represent only one step of the adaptive response aimed at strengthening the contractile machinery thereby making skeletal muscle less susceptible to damage from various types of mechanical stress. An interesting parallel is that there is strong evidence that such reinforcement of MTJ is occurring in the mdx mouse for which, unlike Duchenne muscular dystrophy patients, the absence of intact dystrophin is not lethal. Recent investigations examining potential mechanisms by which mdx mouse can overcome lethal cellular injury suggested that increasing concentrations of talin and vinculin could possibly alleviate muscle necrosis [19] . This hypothesis is based on the fact that dystrophin and talin-vinculin would serve to form two distinctive associations between thin filaments and cell membrane. The absence of dystrophin would therefore be overcome in mdx mouse by up-regulating other cytoskeletonmembrane proteins. Our findings tend to indicate that the same response, especially in fast-twitch muscles, may occur following eccentric contractions which should help in strengthening the MTJ structures and preventing further repetitive damage. It could be one element of the rapid adaptive response to EIMD, also called the repeated bout effect, where a long lasting protection can be obtained with just one bout of damaging eccentric contractions [5] . We do not think the transient nature of the changes shown here for talin and vinculin is incompatible with the reported long-lasting biological adaptation. Indeed the transient increase for both talin and vinculin may be necessary 1) to permit the initiation of the assembly and disassembly mechanisms essential for the synthesis of new sarcomeric proteins and 2) for promoting thin filament attachment during remodeling of this region. Increasing both talin and vinculin content may not be a protective adaptation per se but rather a temporary response to injury obviously necessary for the establishment of a more steady adaptation. Fig. 7 Quantification of the talin content at different times following the eccentric protocol in the plantaris muscle. The talin bands on the immunoblots were quantified as described in Materials and Methods, and the talin content was expressed as a % of the control value for each muscle. Significant increases compared to SHAM muscles were seen at 3 and 7 days but a strong tendency for increase in the talin content was also observed at 14 and 28 days but failed to reach the level of significance. Data presented are means ± SEM. N = 5 for each group. *Significantly different from the contralateral non-operated muscle, p < 0.05. **Significantly different from the SHAM group, p < 0.05. N = 5 for each group.
